Magnetospheric currents play an important role in the electrodynamics of near-14
Schematic illustration of magnetospheric current systems contributing to the near- 91 Earth magnetic field. The major current systems are highlighted by different colours. 92 (modified after Kilvelson and Russell, 1995) . 93 94 2. General features of magnetospheric currents 95 For describing the activity of the various magnetospheric currents it is advisable to use 96 appropriate coordinate systems. Since the solar wind is the prime driver for magnetospheric 97 activity, the direction to the sun plays a central role for the geometry of the currents. 98 Furthermore, the Earth's internal magnetic field acts as the reference frame for the dynamics 99 of charged particles. In situ observations of the ring current have shown that the geomagnetic 100 main field (primarily its dipole terms) closely controls the latitudinal current distribution (see Unfortunately, there is presently no index available that reliably quantifies the intensity of the 164 magneto-tail currents. 165 Further phenomena of interest are magnetospheric substorms. Under certain conditions, after 166 excessive loading, magnetic energy stored in the magneto-tail is released explosively. Part of 167 the energy is convected downtail, but the other part is routed towards the Earth along 168 magnetic field lines into the auroral regions. According to our present understanding, the 169 neutral sheet cross-tail current is partly disrupted and rerouted along field lines through the 3. The magnetospheric ring current and its representation 192 The magnetospheric ring current has a "doughnut-like" shape encircling Earth near the 193 equatorial plane at distances from 2 to 7 R E . Currents are carried by charged particles trapped 194 by the geomagnetic field. Ions drift westward in the main part of the ring current while the 195 electrons move eastward, resulting in a net westward current. During magnetic storms or 196 substorms more energetic charged particles are injected and the ring current becomes stronger 197 and moves closer to Earth. When the supply of particles stops, the current intensity gradually 198 decays, which is termed the recovery phase of the storm. Because of the close relationship 199 between storm evolution and ring current intensity, the corresponding D ST index is commonly 200 used as storm-time indicator. 201 An electric current at several R E distance, like the ring current centred in the magnetic equator 202 plane, provides at Earth a uniform magnetic field aligned with the magnetic dipole axis and 203 pointing southward. Such a field appears in the magnetic field measurements of polar orbiting 204 satellites as the external q 1 0 term in spherical harmonic expansions. The advantage of satellite 205 measurements over the ground-based recordings is that they sense the absolute amplitude. ring current flowing, also during quiet times when the D ST index is zero. 210 In the subsequent sections we will first introduce properties of the quiet-time ring current, in 211 particular its representation by indices. Thereafter we address features of the partial ring 212 current that appears during magnetically disturbed periods. Different types of observations 213 have so far not been able to provide a unified picture of the actual current geometry. using the same selection criteria as for CHAMP data. The evolution of E ST is plotted in Figure   267 3 as red lines. The dashed red line reflects clearly the seasonal variation of magnetic activity. Figure 6 shows the positions of centre points in a dial plot.
386
Results are sorted into four classes of magnetic activity, Kp: 0-2, 2-4, 4-6, >6. Individual C/NOFS finds significantly larger shifts for high magnetic activity. This is probably due to 421 the individual interpretation of every orbit as compared to the averaging of time series from 422 many storms. The duration of storms can vary largely from case to case, and the applied 423 averaging heavily reduces peak values. We thus may conclude that the typical storm-time 424 asymmetry is clearly larger than deduced from the averaged SMR evolution presented here.
425
The comparison between satellite and ground-based observations allows for another 426 conclusion. Since the data from above and below the ionosphere show the same asymmetry of 427 ring current effect, ionospheric currents cannot be the cause for the dusk sector in the magnetosphere a ring current distribution more similar to the ground-based results.
536
More dedicated studies are needed for reconciling the apparent incompatibilities between 537 ground-based and in situ measurements. differences can be expected between magnetic effects on the day and nightside. We thus may 554 assume a homogenous field distribution caused by the tail currents. There is also an annual variation caused by the magneto-tail currents. For quiet night times we 617 can find, according to the CHAOS-5 model, variations in the northward component over the 618 course of a year of up to 10 nT peak-to-peak at mid latitudes (see Fig. 12 , left frame). In the 
where θ PC is the magnetic co-latitude of the polar cap boundary and B PC is the mean magnetic 645 field strength within the polar cap. Equivalently, the magnetic flux within a tail lobe, Φ tail , can 646 be expressed as
where R tail is the radius of the magneto-tail with a typical value of 20 R E and B tail is the mean 649 field strength within the tail lobes. By equating (7) and (8) confirm that 20 nT is a typical field strength observed in the tail lobes. For more details of the 658 polar cap to magneto-tail relation see Hughes (1995) .
659
The simple geometry magneto-tail currents, as shown in Figure 10 , allows to estimate the 660 magnetic effect at Earth. For a circularly shaped magnetopause and a cross-tail current in the 661 middle, which splits up evenly on the dusk side into return currents over the northern and 662 southern lobes, an analytic expression can be given. This current configuration is assumed to 663 start at a distance of 10 R E from Earth and extends into infinity (any part beyond 100 R E has 664 no significant impact). For this symmetric configuration we get at Earth only a contribution 665 along the GSM z component, which can be calculated as
where J is the current density of the neutral sheet cross-tail current and r 0 = 10 R E is the 668 distance to Earth. When considering a tail field of 20 nT we can estimate the sheet current The resulting magnetic fields (in nT) can be used in geomagnetic field modelling approaches 759 for parameterising the contributions from the magnetospheric tail currents. 
823
The magnetic effect caused by magnetospheric tail currents is another topic we addressed. 824 Good progress has been achieved since considering the tail current magnetic effect in GSM 
